1. Introduction
===============

Treatment of hypertrophic scars arising as a result of thermal burns in children is still an unresolved problem, and to improve its performance is still a challenge due to very complex morphology of these scars. Results of treatment are still not satisfactory for patients and parents.^\[[@R1],[@R2]\]^ In the process of burn wound healing, hypertrophic scars arise in many cases and are found in over 20% of burned children under 5 years of age.^\[[@R3]--[@R5]\]^ The appearance of the scar may be described using one of the standardized rating scales. The most commonly used is the Vancouver Scar Scale (VSS), which evaluates 4 parameters: pigmentation, height, pliability, and vascularity.^\[[@R6]\]^ Another sensitive and reproducible method of estimation is ultrasonography (US). US allows for evaluation of the thickness of the scar tissue but also the morphology of the tissue lying below the scar.^\[[@R7],[@R8]\]^

Contemporary techniques of treatment are injections of corticosteroids, topical application of silicone (silicone patches and silica gel), debridement, ointment with vitamin A, radiotherapy, and, recently, lasers.^\[[@R9]--[@R13]\]^ In the treatment of hypertrophic scars, high-energy lasers are used. A pulsed-dye laser (PDL) is used for the treatment of immature scars when the process of scar maturation has not yet finished.^\[[@R14]--[@R19]\]^ In contrast, a carbon dioxide (CO~2~) laser is effective in the treatment of mature scars when at least 1 year has passed from the trauma burn injury.^\[[@R20]--[@R23]\]^ In 2012, the company Lumenis introduced a modification to the high-energy CO~2~ laser (UltraPulse® Encore; Lumenis, Santa Clara, CA, USA) by adding a module for the treatment of scars---Synergistic Coagulation and Ablation for Advanced Resurfacing (SCAAR FX). The device generates hundreds of very deep microchannels that intersect haphazardly to arrange collagen fibers of highly contracted scars. Even after the 1st procedure, patients feel a reduction of tension and softening of the scar. The minimal coagulation zone around the ablative channels reduces inflammatory processes and overreaction of the tissue to the laser pulse.^\[[@R24]\]^

The use of lasers in the treatment of various skin conditions has been widely reported. Light amplification by stimulated emission of radiation (Laser) is a type of electromagnetic energy, which can be precisely focused on a specific lesion. Lasers may be differentiated from regular light by 3 characteristics: coherence, monochromaticity, and collimation. The active medium is stimulated by an external power source that results in the generation of photons in a reflecting chamber. When the photon or light energy comes into contact with a particle, it may be absorbed, reflected, or transmitted. A particle is stimulated only when the light is absorbed.^\[[@R25]--[@R28]\]^

High-power lasers are defined as lasers with a power output of 500 mW or more (applied for surgical purposes).^\[[@R12],[@R20],[@R21],[@R25]\]^ Low-power lasers range from 1 mW to up to 500 mW and are generally used for therapeutic purposes such as tissue repair and pain management. In this category, the following types are included:gaseous medium: argon, helium--neon, CO~2~, and krypton;semiconductor medium: gallium arsenide, gallium aluminium, and gallium aluminium arsenide; andcrystalline medium: neodymium--yttrium aluminium garnet and ruby.^\[[@R14]\]^

It is assumed that lasers coagulate capillaries causing local hypoxia, releasing lactic acids, and decreasing pH and a2-macroglobulin concentration, thereby enhancing lysis of collagen.^\[[@R12],[@R25]\]^ Satisfactory results were reported in about 75% of abnormal scars that were treated.^\[[@R12],[@R20]--[@R23]\]^

The choice of scar treatment is undertaken individually for each patient depending on the time elapsed since its inception, location, presence of additional deformation, thickness, type of scar, and contraindications to the use of a specific action. For these reasons, there are no standardized methods of treatment that would be universal for all types of scars, but laser therapy is finding its place as one of the accepted methods, although its efficacy needs further long-term evaluation.

2. Material and methods
=======================

Before starting the investigation, approval was obtained from the Medical University of Lublin Ethics Commission (KE-0254/299/2012). From 2004 to 2007, 550 burned children were treated in the Department of Paediatric Surgery and Traumatology at the Medical University of Lublin. Of those invited to participate in the investigation, 120 patients responded. Inclusion criteria passed 47 patients, 21 boys and 26 girls aged 7 to 16 years (mean age 10.5 years). The average time from burns was 7.5 ± 2 years (age of the patients at the day of therapy). Average burned total body surface area was 8.8%, with a standard deviation (SD) of 8%. Minimum and maximum values were 1% and 42%, respectively.

The inclusion criteria aimed to minimize the need for unnecessary analgesic procedures such as general anesthesia or multimodal therapy. The exclusion criteria minimized the risk of adverse events during and after the treatment that could be connected with poor social and living conditions or any coexisting chronic diseases. The criteria are presented in Table [1](#T1){ref-type="table"}.

###### 

Inclusion and exclusion criteria of the study.
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In the analyzed group of 47 patients, 57 laser sessions were performed (in 10 patients, due to extensive burn scars, the procedure was performed twice). Before laser therapy, there were 114 localized areas which were assessed by the physician, parents, and US. The investigated areas were divided into 2 groups. The 1st area included the border of the scar and intact skin and was designated as area 1. The 2nd area included the most advanced visual portion of the change and was designated as area 2. The surface area was a single square of 3 cm × 3 cm (9 cm^2^---the surface of the area was equal to the surface of the laser head) (Fig. [1](#F1){ref-type="fig"}).

![Black square shows the treatment area with areas 1 and 2 taken for the evaluation (red squares).](medi-95-e5168-g002){#F1}

The questionnaire according to VSS assessment was fulfilled by the physician and parents (Table [2](#T2){ref-type="table"}). Any previous clinical finding for the evaluation of VSS was hidden from both physician and parents.

###### 

VSS.
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Primary evaluation in the analyzed group revealed the highest scores in pigmentation and pliability parameters. We found over 90% of patients with mixed or hyperpigmentation (scores 2 and 3) and over 90% of patients with the highest pliability of scars (scores \>2) (Table [3](#T3){ref-type="table"}).

###### 

VSS evaluation before treatment by physician.
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In follow-up, the physician assessed all 114 areas; parents assessed only the 57 in area 2. The assessments were performed before and 1, 4, and 8 months after laser therapy. If the parameter before surgery was estimated at 3 points, and 8 months after treatment the same parameter was estimated at 2 points, the result had improved. If the given parameter before treatment was assessed as 2 points, and after 8 months earned 3 points, the result was assessed as deterioration. For patients whose score in the last inspection after 8 months was the same as before the surgery, the results did not change. Also, before therapy and during control visits, US assessment of scar thickness was performed.

Before surgery, 47 patients had undergone US assessment of scars in 114 areas eligible for surgery. US was performed in both areas. A Philips iU22 (Philips Healthcare, Andover, MA, USA) US device equipped with an electronic broadband L12-5 linear head was used. Default settings were set for "Small Parts Superficial". Focusing was established in the near field image at a depth corresponding to the boundary of the skin and subcutaneous tissue (i.e., 3--4 mm). Priority was set to the image resolution and gain of 60%.

US calculation measured the distance between the inner edges of the hyperechoic limitations. The maximum thickness of the scar was defined as the result of measurement of the thickest places in the selected scar areas. The smallest thickness of the scar was one of 2 possible values: either the thinnest place surrounded by fragments of thicker scars in the case of irregular scars or thick scarring at the point of transition to the surrounding healthy skin in scars with regular contours and a spindle section (B-mode maximum and minimum thickness) (Fig. [2](#F2){ref-type="fig"}).

![B-mode ultrasound measuring maximum scar thickness. Scar and subcutaneous tissue are visible in the image as a superficially limited hypoechoic layer and from the deep hyperechoic bands.](medi-95-e5168-g005){#F2}

2.1. Laser procedure
--------------------

5% prilocaine/lidocaine cream (EMLA®) cream (Astra Zeneca, Mississauga, ON, Canada) was applied topically 75 minutes before laser procedure; 60 minutes before procedure, patients were administered paracetamol intravenously (15 mg/kg); and then 30 minutes before procedure, morphine (0.15 mg/kg). In the operating theater, the EMLA dressing was removed and the treated area was prepared with Octenisept solution (Octenidine Dihydrochloride \[Octenisept, Schulke and Mayr GmBH, Norderstedt, Germany\] and phenoxyethanol solution, Schulke) as for surgery. Before performing the treatment, patients were connected to a face mask with an oxygen flow of 2 to 3 L/min, and a bolus of midazolam was administered intravenously in a dose of 0.1 mg/kg body weight.

The procedure was performed using a Lumenis UltraPulse Encore CO~2~ laser equipped with a SCAAR FX module and 2 heads---Deep FX (SCAAR FX mode) and CPG (Active FX mode). The treatment consisted of 3 phases (Table [3](#T3){ref-type="table"}). In the initial phase, abrasion of wound edges was done in 19 procedures (33%) with the laser head in CPG Active FX mode. During this procedure, total energy of 30 to 40 mJ with a pulse frequency of 300 to 450 Hz was used. During the next stage, the Deep FX SCAAR mode was used in all 57 procedures. The laser beam energy was used perpendicularly to the surface of the skin and under an angle of 45° (Fig. [3](#F3){ref-type="fig"}). The mean energy value used was 119 mJ (range from 60 to 150 mJ, SD 29 mJ). Patients with less-advanced scars were eligible for treatment with lower doses of energy than those with a high progression of changes. In the last stage of the procedure, a mild abrasive mode---FX ACTIVE---was used. A mild abrasion of the treated surface with energy of 60 to 100 mJ and frequency of 75 to 125 Hz was used. This part of the procedure was performed in 57% (n = 26) of patients.

![Average results for Vancouver Scar Scale scores before and after treatment. Areas 1 and 2 evaluated by the physician, area 2 only by parents.](medi-95-e5168-g006){#F3}

After the procedure, an occlusive dressing was applied. The treated surface was covered with ointment with allantoin, and additionally protected with gauze soaked in liquid Octenisept. Ice packs were applied topically, and intravenous analgesics were administered (paracetamol and morphine) in patients who reported pain. On the 2nd postoperative day, the dressing was changed, and the patient was discharged home. Ambulatory control visits took place on the 7th and 14th days after surgery until the healing process was finished.

In the statistical evaluation of the results, the Statistica 7.0 (StatSoft Inc., Tulsa, USA) program was used. In the case of qualitative data, a nominal scale was used and its particular kind, if the answer was yes/no, was a dichotomous scale. Quantitative data were presented on an ordinal scale. When analyzing age, US measurements, and VSS measurements, scale ranges were used. To compare quantitative data, the range of values (min. and max.), arithmetic mean, SD, median, and frequency tables were used.

All the tested variables were analyzed for normal distribution using the Shapiro--Wilk test. The homogeneity of variance in case of confirmation of normality was confirmed by Levene test. For certain assumptions of normality and homogeneity of variance, ANOVA and *U* test were used. In cases where at least one of the assumptions was violated, the study used nonparametric test counterparts, namely ANOVA, Kruskal--Wallis (ANOVA), and Mann--Whitney *U* test (*U* test). To compare the incidence in different groups, tables bisected the significance of the parameters evaluated based on a chi-squared test. In the paper, the confidence interval was set at 5%, and therefore the significance of the phenomena occurred at *P* \< 0.05.

3. Results
==========

In all 114 treated areas, wound healing was completed up to 14 days after surgery. Observed long-lasting complications after surgery were erythema, discoloration, sensitization, and overgrowth (Table [3](#T3){ref-type="table"}). One month after procedure, complications occurred in 37% of all the considered areas (n = 114) but in the 8th month after surgery was observed only in 9% of patients. The most common complication after surgery was erythema, which accounted for 67% of all complications. Erythema after treatment occurred in 28 areas, and after 8 months of follow-up was still visible in 2 areas. Blemishes and scar excesses occurred in 3 areas studied, and during follow-up in only 1 case had the condition improved (Table [4](#T4){ref-type="table"}).

###### 

Distribution of post-treatment complications.
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All parameters of VSS were analyzed as overall results and separately for all 4 parameters. The overall results assessed by parents and physician did not differ statistically (*P* \< 0.05) and were comparable. The total score obtained on the VSS as a whole was improved in all areas, both in the judgment of the physician and parents. The biggest changes in the assessment of scarring were observed 1 month after surgery, but after 8 months of observation later improvements were observed (Fig. [3](#F3){ref-type="fig"}).

*Pigmentation*---in all patients before treatment, abnormal pigmentation of the skin was observed, both hypo- and hyperpigmentation or miscellaneous changes. Improvement in pigmentation of the scars was observed in 81% of assessed area 1 and no worsening in valuation was observed by a physician (*P* \< 0.05). In assessment by parents, the results were similar and did not differ statistically (*P* \< 0.05) (Fig. [3](#F3){ref-type="fig"}).

*Height of the scar*---improvement in the height parameter after procedure was observed in 88% of assessed areas (*P* \< 0.05).

*Pliability*---the majority of patients (98%) had improved scar pliability after surgery (*P* \< 0.05).

*Vascularity* was the only scar parameter for which no significant statistical improvement was observed (*P* \> 0.05). In the evaluation by a physician, a large number of cases did not cause changes in vascularity (56% in area 1), and improvement was observed only in 42% of area 1. It was also the only evaluated parameter in which deterioration was observed in area 1. All specific data are presented in Fig. [4](#F4){ref-type="fig"}.

![Vancouver Scar Scale parameter score improvement in areas 1 and 2 by physician and area II by parents---all 4 parameters (pigmentation, height, pliability, and vascularity).](medi-95-e5168-g008){#F4}

US investigation found that in area 1 improvement was almost twice as likely as deterioration (56% improvement vs 28% worsening) (*P* = 0.0516). For area 2, improvement in the US thickness range---for B-mode max. and min.---was almost 3 times more prevalent than deterioration (62% improvement vs 24% worsening). Improvement was statistically more frequent for both minimum and maximum thickness of scars (B-mode measures) (*P* \< 0.05). The average US thickness measurement findings before treatment and during follow-up for both areas are shown in Fig. [5](#F5){ref-type="fig"}.

![Average results of ultrasonography measurements (thickness) before and after treatment.](medi-95-e5168-g009){#F5}

Exemplary results of treatment before and after laser procedure are shown in Fig. [6](#F6){ref-type="fig"}. No additional interventions during procedure or follow-up period were performed.

![Examples of results before treatment and after 8 months: left picture---right arm burn scar, center picture---right arm burn scar, and right picture---left elbow burn scar.](medi-95-e5168-g010){#F6}

4. Discussion
=============

Traditional treatment of burn scars with injections of corticosteroids, vitamin A and onion extract ointments, radiotherapy, pressure therapy, and drug therapy using bleomycin and verapamil have nowadays mostly only historical value.^\[[@R26]--[@R41]\]^ Currently, widely used silicone patches and dressings have the greatest effectiveness in preventing scar overgrowth but also help reduction of hypertrophy in formed scars.^\[[@R42]--[@R48]\]^ The rapid development of laser technology and the increasingly wider range of applications of it in various medical indications results in it replacing other, often ineffective, methods of treatment. The most spectacular example is the use of PDL and CO~2~ lasers in the treatment of hypertrophic scars, where effectiveness has been proven in many clinical studies.^\[[@R49]--[@R58]\]^ The largest group of patients was described by Kawęcki et al. The study included 327 patients aged 3 to 80 years who underwent 592 procedures using a Derma K laser (combination of Er:YAG and CO~2~); 223 patients were those with burn scars.^\[[@R12]\]^ Donelan et al treated 57 patients aged 2 to 21 years (mean age 13 years) using PDL (V-beam, Candela, Candela Corp.; Wayland, CA, USA). In that group, 61% of patients had flame burns and 25% had contact burns. The time from burn accident was 2 to 199 months (average 64 months).^\[[@R50]\]^ Bernstein et al^\[[@R59]\]^ performed treatments using a CO~2~ laser (UltraPulse, Coherent and SilkTouch, Sharplan Laser Corp.) on 30 patients aged 14 to 84 years (mean age 54.3 years). Other authors also presented groups of patients heterogeneous in terms of age and scar type.^\[[@R59]--[@R65]\]^

The group of patients in our study was homogeneous. The youngest patient was 7 years old, the oldest 16 (median 10 years). The average time from burns was 7.5 ± 2 years, but in 84% (n = 48), the time from burns was between 6 and 9 years. The patients were treated with a CO~2~ Lumenis UltraPulse laser equipped with 2 heads, Deep FX and CPG, and a SCAAR FX module and underwent a standardized surgical procedure.

Qu et al also used a Lumenis UltraPulse CO~2~ laser in the Active FX (CPG head) operating mode with a mild abrasive surface energy of 80 to 100 mJ, density 2% to 4%, at frequencies of 200 Hz. Deep exposure (Deep FX head) was done with an average energy of 20 mJ, 300 Hz, with a density of 10% to 15%. During this investigation, the SCAAR FX module was not yet available. The procedures were repeated 3 to 4 times in each patient.^\[[@R60]\]^ In our study, we performed only a single treatment on all treated surfaces, additionally using the SCAAR FX module.

One of the most difficult problems in the assessment of the real effects of treatment is comparison of the results. Bae and Bae^\[[@R66]\]^ in their meta-analysis showed that the Patient and Observer Scar Assessment Scale (37% of all reports) and VSS (34%) are most often used in valuation of results. In reports assessing the effectiveness of laser scar correction therapy, the VSS (basic and modified) is used most often.^\[[@R14],[@R59],[@R60],[@R63],[@R66],[@R67]\]^ In our method, we used primary VSS and US. We were not able to find research on the outcomes of treatment of scars evaluated by US in the present literature.

Past results showed that treatment of mature hypertrophic scars after burns using a fractional CO~2~ laser is effective.^\[[@R12],[@R20],[@R24],[@R55],[@R59],[@R62],[@R63],[@R67]\]^ The effect of treatment is to change 1 or more of the parameters characterized by scarring, such as abnormal pigmentation, scars, eminence above the level of intact skin, cohesion, and vascularization. These parameters assessed in VSS determine the outcome of the surgery. During evaluation of our results, we compared not only total results in VSS but also the results of individual elements of the scale, where we could obtain information about improvement, lack of change, and deterioration of the evaluated elements. Judging the results, the largest differences were observed in pigmentation before surgery and after 8 months (7.23 vs 3.26, a difference of 3.97 points). Comparable results were also obtained when assessment was performed by parents; however, results showed a smaller difference (7.11 vs 3.84---a difference of 3.27 points) but comparison of the results between doctor and parents did not differ statistically (*P* \< 0.05).

Hultman et al^\[[@R65]\]^ in their study showed average improvement on the VSS of 5.27 points (10.43 points before vs 5.16 points after surgery). The study used different methods of treatment using a PDL in patients with highly vascularized scars, UltraPulse CO~2~ laser (using Active FX and Deep FX modes) in patients with hypertrophic scars, and a diode laser (IPL for staining and Alexandrite laser) in patients with keratosis pilaris. The authors emphasize the potentially biased nature of the measurements according to the VSS despite hiding previous research results in a subsequent control.^\[[@R58],[@R63],[@R67]\]^ In our study, we also hid the results of previous measurements, both from parents and the physician. We also reasoned, like Hultman et al, that the assessment made by VSS after surgery could be hidden by a physician due to expectations of positive outcomes of the research project, but because of the experimental nature of the study we did not choose to apply a double masking.^\[[@R65]\]^

This study included an analysis of the effects of the use of a single-laser procedure. Kawęcki et al performed 2 to 5 treatment sessions in each case.^\[[@R12]\]^ The choice of a single treatment procedure was connected with the several times higher energy used in our study in the SCAAR FX mode; we usually used a maximal pulse energy value of 150 mJ.

Hultman et al said that the greatest improvement in VSS was observed after the 1st procedure, evaluated after 1 month (10.43 vs 6.67 points). Subsequent treatment sessions repeated every 4 to 6 weeks showed minor improvements. Checks 1 month after the 1st treatment noted a difference in mean score of 3.76.^\[[@R35]\]^ In our results, changes in VSS between 4 and 8 months were the smallest and were connected with scar stabilization after laser therapy. Ozog et al, in their study using an UltraPulse CO~2~ laser, obtained 100% (n = 10) improvement, and the change of mean VSS score was 3.6 points.^\[[@R61]\]^ Others reported similar effects of treatments assessed by dedicated standardized scales.^\[[@R59]--[@R63],[@R67]\]^ Assessing both our results and those of other researchers, we may conclude that that CO~2~ lasers are very effective in the treatment of hypertrophic scars and in many studies reached almost 100% improvement.

One of the parameters measured in VSS is thickness of the scar, but we may assess only the portion located above the level of the surrounding skin, and this measurement is subjective. Scar thickness was measured by US in our study. To our knowledge, no data on evaluation of scar thickness by US after laser therapy have been published. US is widely used in the diagnosis of skin diseases. The most common applications are evaluation of pathologies such as skin cancer, inflammatory autoimmune processes (scleroderma, lupus, and hidradenitis suppurativa), and benign skin cancers.^\[[@R8],[@R64]\]^ Some authors use US to assess the degree of burns and burn scar monitoring.^\[[@R7],[@R8]\]^ Wang et al in their study measured the thickness of scars using B-mode US 3, 6, and 9 months after burns. They showed the presence of a thick scar peak at 6 months after surgery. Average measurements at 3 months were 0.3 cm (min. 0.2 cm and max. 0.5 cm), at 6 months 0.4 cm (min. 0.2 cm and max. 0.8 cm), and 0.35 cm in the control after 9 months (min. 0.2 cm and max. 0.9 cm).^\[[@R7]\]^ In our study, we performed US before treatment and in the 1, 4, and 8 months after treatment. Comparing results of thickness of scars in all areas (n = 114) before treatment and after 8 months, we found statistical improvement (*P* \< 0.05). We noted improvement in 67/114 (59%) measurements in B-mode max. and 74/114 (65%) B-mode min. Scar thickness assessed in the VSS by a physician improved in all cases and in 96% assessed by parents.

The main limitation of this study is that we included only the patients with hypertrophic scars, not all the children with burn scars. We knew that the keloids treatment results would be worse, and if we mixed all the scars, result would not be so great. The methods used and good long-term results have been made possible thanks to the good selection of patients. The other limitation is excluding patients with parents who do not pay enough attention to their children: in order to achieve good long-term outcomes, strict control of the healing process after the procedure is necessary. The healing process takes about 10 to 14 days maximum; therefore, the exclusion criteria rule out the patients with poor social and living conditions: parents who do not care about sufficient assessment, parents who did not respond to previous recommendations, missed checkouts, or do not pay enough attention to hygiene process for their children.

Presently there is no widely accepted standard of treatment of hypertrophic scars and not all methods used are satisfactory for patients and doctors. Application of laser therapy in the treatment of hypertrophic scars is still at a very early stage of development. There is no guidance on which type of laser or energy dose should be used or the frequency of repeated treatments. This is connected with the high volatility of scars, their different location, and morphology. In 1 scar area, we may observe a thick hypertrophic component, keloid formation, or an atrophic area with loss of tissue beneath the scar. CO~2~ laser treatment, in our opinion, is a therapeutic option to be used at least 1 year after burn accidents. In recent years, observed progress in the development of laser technology has resulted in shorter laser beam pulses and generation of higher energy. This change has resulted in a reduction of the burning zone around the site of action and deeper penetration into tissue. It seems that the further development of technologies will allow reduction of the number of complications and increase the effectiveness of treatment. The results obtained in this work are very promising but of course need further evaluation.
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